In this retrospective study, we analyzed the outcomes of 129 patients who underwent an allogeneic hematopoietic stem cell transplantation (allo-HSCT) and had a history of probable or proven invasive aspergillosis (IA), of whom 57 (44%) received a reduced-intensity conditioning (RIC). Overall, 27 patients with IA progressed after the allo-HSCT (cumulative incidence [CumInc] at 2 years, 22%). The variables that increased the 2-year CumInc of IA progression were (1) longer duration of neutropenia after transplantation; (2) advanced status of the underlying disease; and (3) less than 6 weeks from start of systemic anti-Aspergillus therapy and the allo-HSCT. In addition, (4) conventional myeloablative conditioning increased the risk of progression early after transplantation (before day 30) only, while 3 variables increased the risk beyond day 30 were (5) cytomegalovirus disease; (6) bone marrow or cord blood as source of stem cells; and (7) grades II to IV acute graft-versus-host disease (GVHD). A risk model for progression was generated, defined as low (0-1 risk factors, 6% incidence), intermediate ( 
Introduction
Invasive aspergillosis (IA) is a common infectious complication during remission-induction and/or consolidation chemotherapy for aggressive hematologic malignancies, in particular in patients with acute leukemia and high-risk myelodysplastic syndrome. Many of these patients will subsequently be referred for an allogeneic hematopoietic stem cell transplantation (allo-HSCT), and due to ongoing improvements in supportive care and following the introduction of less toxic reduced-intensity conditioning (RIC) regimens, these transplantations are now also offered to older and more debilitated patients. [1] [2] [3] [4] [5] [6] [7] [8] Until a few years ago, IA was considered an almost absolute contraindication for an allo-HSCT due to the high risk of progression (or relapse) of IA after transplantation and the higher norelapse mortality rate (NRM). Indeed, tissue damage resulting from prior IA (mainly invasive pulmonary aspergillosis [IPA] ) or its therapy and other common coexistent comorbidities translate into a higher NRM. 5, 9, 10 In more recent years, 2 factors may have changed this attitude: (1) availability of new more effective and/or less toxic antifungal agents (lipid formulations of amphothericin B, voriconazole, and caspofungin); and (2) introduction of RICs, which have less early toxicity and fewer days of cytopenias. [11] [12] [13] In fact, several case series report successful outcomes after RIC in patients with prior IA, although successful outcomes have also been obtained with conventional conditioning if supported by intensive medical and surgical care. 10, [14] [15] [16] [17] [18] [19] However, very little data exist on factors that could predict adverse outcomes in patients with prior IA, although such data would be helpful for developing optimal management strategies for these patients. Only 2 studies with a patient sample size larger than 20 cases have been published to date. 12, 20 This paucity of data is not surprising, since it is still difficult to obtain a diagnosis of IA with a high level of certainty, and most patients with high-risk malignancies cannot have their allo-HSCT delayed for months in an effort to obtain a certain diagnosis. In addition, since the outcomes of allo-HSCT have improved worldwide in the late 1990s and early 2000s (especially with respect to lowering the NRM), data on more recent transplantation patients in multiple institutions would be desirable.
In this study, the Infectious Diseases Working Party of The European Group for Blood and Marrow Transplantation (IDWP-EBMT) sought to determine the outcomes of patients with a recent history of proven or probable IA who underwent allogeneic HSCT with myeloablative or reduced-intensity conditioning.
Patients and methods

Study design
A number of allo-HSCT centers (44) from 12 countries were willing to participate in this retrospective study. All centers agreed to complete an No. developing grades II-IV aGVHD (% CumInc, 95% CI) 53 (36, (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) 17 (26, 14-38) 36 (44, 32-56) .03
No. developed cGVHD (% CumInc, 95% CI) 45 (30, 24 (34, 21 (26, 2-y nonrelapse mortality, % CumInc (95% CI) 30 29 (18-48) 30 (19-39) 2-y disease relapse, % CumInc (95% CI) 33 32 35 Overall survival, % CumInc (95% CI) 42 42 42 Median d follow-up (range) 287 253 365 .1 CLL indicates chronic lymphocytic leukemia; VUD, volunteer unrelated donor; CsA, cyclosporine A; MTX, methotrexate; MMF, mycophenolate mofetil; Tacro, tacrolimus; and -, not applicable.
*Early indicates acute leukemia and myelodysplastic syndrome in first complete remission after chemotherapy (Ͻ 5% blasts), previously untreated low-risk MDS, and chronic myeloid leukemia in first chronic phase; advanced, malignancies in a phase beyond the early phase, and multiple myeloma, CLL, and non-Hodgkin lymphoma, Hodgkin disease, and solid tumors.
†Neutropenia is defined as Ͻ 0.5 ϫ 10 9 cells/L. 21 Patients with possible IA or non-Aspergillus mold infections were excluded from the study. A center-by-center effort was made to ensure that all consecutive patients were included, In addition, the 2 first authors reviewed all case report forms for completeness and consistency; if necessary, queries were sent to ensure data quality.
Definitions
The definitions were clearly specified in the protocol and in the case report forms. IA that occurred before allo-HSCT was defined as proven or probable as previously specified. 21 Briefly, proven disease required histopathologic and microbiological documentation of IA from biopsied tissues. The infection was considered probable if the fungus was identified from culture of bronchoalveolar lavage or sputum (or Ն 2 consecutive serum samples with a galactomannan index Ն 0.8) together with suggestive clinical and radiologic signs and symptoms. The day of diagnosis of the fungal infection was the day on which the first positive test (radiologic and/or microbiological) was performed.
Response to antifungal therapy was reassessed immediately before transplantation using recently established criteria. 22 Patients had a complete response (CR) if all clinical and radiologic signs and symptoms attributable to IA had disappeared, while partial response (PR) required a reduction in all lesions of more than 50%. The appearance of new lesions (in the same organ or in a new location) due to IA and an increase in established lesions A fumigatus 40 (31) 11 (19) 29 (40) A flavus 3 (2) 1 (2) 2 (3) A terreus 2 (1) 1 (2) 1 (1) A niger 3 (2) 2 (4) 1 (1) Nonspeciated species 38 (29) 20 (35) 18 (25) GM positive † 44 (34) 23 (40) 21 (29 (14) 9 (16) 9 (11) 6 wk to 3 mo, no. (%) 38 (29) 15 (26) 23 (32) 3 to 6 mo, no. (%) 43 (33) 19 (33) 24 (33) 6 to 12 mo, no. (%) 30 (23) 14 (25) 16 (22) Status of IA at Allo-HSCT, no. (%) .06
Complete remission 58 (45) 21 (37) 37 (51) Partial remission 50 (39) 29 (51) 21 (29) Stable disease 17 (13) 5 (9) 12 (17) Progression
Surgical resection before allo-HSCT, no. (%) 28 (22) 4 (7) 24 ( 21 Response to salvage AFT of IA that progressed after allo-HSCT, no. (%) 6/27 (22) 5/13 (39) 1/14 (7) .08
Deaths related to IA, no. (CumInc) § 21 (14) 6 (18) 15 (18) .16* Deaths related to IA/total deaths (%) § 21/73 (29) 6/31 (19) 15/42 (36) . 1 Death related to any IFI (CumInc) § 24 (15) 7 (9) 17 (23) .11* TxIA-allo-HSCT indicates time interval from start of antifungal therapy for IA and allo-HSCT. *All P values were calculated with the chi-square statistic or Fisher exact test except for comparisons of cumulative incidence estimates, which were compared with a univariate Cox regression model (detailed in "Statistical analysis").
†GM positivity in serum (index Ն 0.8 twice) without culture isolation of the causative species. An additional 24 patients had positive GM in serum and isolation of the causative Aspergillus spp, and 1 patient had 2 species isolated from the same sample (A fumigatus and A niger).
‡All breakthrough infections occurred under systemic antifungal secondary prophylaxis. One patient on voriconazole developed proven disseminated fusariosis, 1 on itraconazole developed a central nervous system infection from an unidentified fungus with pseudohyphae, and 1 patient on itraconazole developed proven pulmonary zygomycosis.
§All outcomes analyzed at 2 years after transplantation. For personal use only. on September 7, 2017 . by guest www.bloodjournal.org From were considered to be progression of the IA, while patients with a radiologic response lower than 50% were considered as having stable disease (SD).
Progression of the IA occurred in all patients as an increase of the lesions at the same anatomic location of the initial infection, while all 3 patients with breakthrough invasive fungal infections (IFIs) occurred in different sites and were caused by different fungal pathogens. Death was considered IA related when progression of the infection occurred immediately before death and/or when IA was found at autopsy.
Conventional myeloablative (CONV) conditioning included intravenous (IV) cyclophosphamide (120 mg/kg) plus total-body irradiation (TBI; Ն 8 Gy) or cyclophosphamide (120 mg/kg) plus busulphan (16 mg/kg total dose by mouth or the equivalent IV dose), with or without other cytotoxic agents and/or antithymocyte globulin (ATG) or alemtuzumab. RIC included fludarabine plus intermediate doses of 1 or 2 alkylating agents or low-dose TBI (2-4 Gy), with or without ATG or alemtuzumab. Intermediate doses of alkylating agents consisted of busulphan (8-10 mg/kg orally), IV melphalan (80-140 mg/m 2 ), IV cyclophosphamide (60 to 120 mg/kg), or IV thiotepa (5-10 mg/kg). Cytomegalovirus (CMV) disease, acute and chronic graftversus-host disease (GVHD), and other transplantation outcomes were defined following accepted criteria. 20 
Patient characteristics at allo-HSCT
Characteristics of the 129 eligible patients are detailed in Table 1 . The median age was 42 years (range, 5-72 years), and the underlying disease status was advanced in 45% of the patients. Although peripheral blood stem cell transplantation (PBSCT) from a human leukocyte antigen (HLA)-identical sibling was the most common type of allo-HSCT, there was also a high percentage (45%) of alternative donor transplantations. Nearly half of the patients (57; 44%) received RIC. This latter group differed from the CONV group in several characteristics, including older age, higher proportion of PBSCTs, more use of antilymphocyte antibodies as part of the conditioning, and less use of the "calcineurin inhibitor plus methotrexate regimen" for the prevention of GVHD. Informed consent was obtained locally in accordance with the principles laid out in the Declaration of Helsinki and according to the local and national approvals applicable according to the specific trial followed by each center.
Treatment of IA before transplantation
Characteristics of IA before transplantation are detailed in Table 2 . The median duration of antifungal therapy (AFT) was 16.4 weeks (range, 1-50 weeks). Nearly all patients (116; 90%) received more than one drug, either in combination or sequentially. Antifungal drugs included conventional amphotericin B (c-AmB) in 59 patients, itraconazole in 51 patients, liposomal AmB (L-AmB) in 41 patients, caspofungin in 35 patients, voriconazole in 30 patients, and amphotericin B lipid complex in 25 patients. A smaller number of patients (28; 22%) also underwent surgery, mostly pulmonary lobectomy. A number of patients (49; 38%) were classified as proven IA; the remainder met the criteria of probable IA. Despite AFT, a CR or PR was not obtained in 21 patients (16%), as shown in Table 2 .
Statistical analysis
The major goal of this study was to identify risk factors for progression of IA after allo-HSCT. The incidence of progression of IA and NRM were estimated by cumulative incidence starting on the day of transplantation, with death and relapse of underlying malignancy as competing risks, while the probability of overall survival (OS) was estimated using the Kaplan-Meier product-limit estimate with standard methods. 23, 24 Other posttransplantation outcomes that were calculated using cumulative incidence estimates were acute and chronic GVHD, incidence of death due to IA and death due to any IFI. Univariate analyses of the association of various clinical risk factors with the hazard ratio of developing progression of IA were calculated using univariate Cox regression models, while the log-rank test was used for OS. Multivariate analyses were performed by Cox proportional hazards regression, with inclusion of variables with a P value less than .1 in the prior univariate testing. The assumption of proportional hazards over time was tested for all explanatory covariates using a time-dependent covariate. Several variables (CMV disease, intensity of the conditioning, stem cell source, and acute GVHD grades II-IV) had a timevarying effect on the hazard ratio (or "risk") of progression of IA, and thus the risk factor analysis was divided into early and late progression at an optimal time point estimated by visual analysis of the cumulative incidence curves (before and after day 30, respectively). Posttransplantation variables (positive galactomannan [GM] in serum, acute and chronic GVHD, CMV disease, and duration of neutropenia) were analyzed as time-dependent covariates.
Quantitative variables that were found to have an impact on any outcome were reanalyzed as categoric variables. For categoric variables, the chi-square statistic or Fisher exact test were used to establish differences in their distribution; the Mann-Whitney U test was used to compare continuous variables. Tests of significance were 2-sided, with a significance P level of .05 or less. Variables analyzed for their impact on progression of IA are shown in detail in Table 3 . All statistical analyses were performed using NA indicates not applicable, since no patient developed this outcome variable before day 30 after transplantation; HD (high-dose) steroids, prednisone Ն 2 mg/kg; TxIA-Allo-HSCT, interval from start of AFT for IA and allo-HSCT; NT, not tested (see "Statistical analysis" and "Results" for details); NI, not included; -, not applicable (since P Ͼ .01).
*Time-dependent variables. †Quantitative variables that were found to have an impact on any outcome were reanalyzed as categorical variables. ‡The HR shown refers to risk increase with every 5-day delay in the time for recovery of the absolute neutrophil count. §These 2 variables show collinearity, and for multivariate analysis the variable used was Ͻ 6 weeks from start of treatment of IA and the Allo-HSCT, because it showed a higher hazard ratio in univariate Cox regression and it is a more objectively measurable variable than the response of the IA at the time of transplantation.
These variables had a nonproportional hazard ratio over time of their impact on the risk of progression of the IA, which differed before and after day ϩ 30 post-HSCT (see "Statistical analysis").
¶Since only 67 patients (52%) were screened in the immediate posttransplantation period with serum GM performed at least twice weekly, this variable was not included in the multivariate analysis. SPSS version 13.0 (SPSS, Chicago, IL), with the exception of the cumulative incidence analyses, which were carried out with NCSS 2004 (Number Cruncher Statistical System, Kaysville, UT).
Center effect exclusion by sensitivity analysis
To assess the possibility of a center effect in the risk of progression of IA, we analyzed the progression rates from centers according to the number of patients reported. Five centers reported more than 10 evaluable patients (11-16 each), 3 centers had 6 to 10 patients, and 15 centers had 1 to 5 patients. No differences in progression rates were seen (chi-square test for a trend, P ϭ .85).
Results
Incidence and risk factors for progression of IA after transplantation
IA progressed in 27 patients (21%) after transplantation. The incidence of progression at 2 years was 22% (95% confidence interval [CI], 14%-30%). Three additional patients developed a new breakthrough proven or probable IFI ( Table 2 ). The incidence of progression of IA was similar in RIC and CONV recipients, although there was a trend toward a higher IA-and IFI-related mortality in the CONV group, as detailed in Table 2 . Since 22 different strategies (specific drug[s] used, either in combination or sequentially, and changes in the route of administration) were used for secondary antifungal prophylaxis during the conditioning and posttransplantation follow-up, it is very difficult to identify differences between specific strategies. However, since voriconazole is considered the first-line drug for treatment of IA, 22 we analyzed the impact of its use as initial secondary prophylaxis in the 31 patients who received this drug as monotherapy in the immediate post-HSCT period. The specific drugs used as first-line prophylaxis and after progression of the IA are shown in Tables 3 and 5 .
Patients in PR or CR from IA at transplantation were less likely to progress regardless of the type of secondary prophylaxis used (17% vs 32% for those not in PR/CR, P ϭ .012). In addition, patients who were failing to respond to AFT at transplantation and who subsequently progressed did not respond to salvage AFT (0% vs 32% for those who progressed but were in CR/PR at transplantation). Again, no specific AFT regimen was more likely to avoid progression or to obtain a response as salvage therapy. Pretransplantation surgical resection had no influence on any outcome analyzed (details not shown).
Four variables (CMV disease, intensity of the conditioning, stem cell source, and acute GVHD grades II-IV) had a timevarying effect on the hazard ratio (HR) of progression of IA (Table  4) . In multivariate analysis, early progression (before day 30) of IA was more common in recipients of a CONV conditioning (7% vs 15% 1-month incidence in RIC vs CONV groups; Figure 1 ; P ϭ .054). Three variables increased the risk of late progression (after day 30): CMV disease, bone marrow (BM)/cord blood (CB) as source of stem cells and acute GVHD (aGVHD) grades II to IV. Figure 2 shows the incidence of late progression of IA (after day 30) in patients according to type of stem cells and severity of aGVHD. Finally, 3 variables increased the risk of progression during the entire posttransplantation period: prolonged duration of neutropenia prior to engraftment, advanced status of the underlying disease, and a short time interval (Ͻ 6 weeks) between start of AFT for the invasive aspergillosis and the allo-HSCT (not total duration of AFT but rather the interval from starting therapy and the day of transplantation). The use of voriconazole as up-front secondary prophylaxis showed a trend in reducing the risk of progression of IA (incidence of progression of IA in these 31 patients was 12% vs 22% in the other 98 patients; P ϭ .15).
Using the major risk factors identified except intensity of the conditioning regimen (longer duration [Ͼ 20 days] of neutropenia after transplantation; advanced status of the underlying disease; time interval of Ͻ 6 weeks from start of systemic anti-Aspergillus therapy and the allo-HSCT; CMV disease; bone marrow or cord blood as source of stem cells; and grades II-IV aGVHD), a risk group categorization for progression of IA after allo-HSCT was calculated. The presence of 0 to 1, 2 to 3, or 4 to 6 risk factors identified low-risk, intermediate-risk, and high-risk group categories, respectively (Figure 3) . When this risk model was applied separately to RIC and CONV groups, a clear prediction of the risk of progression of IA was found. Specifically, in RIC and CONV recipients, the incidence of progression in low-, intermediate-, and high-risk categories was 0%, 20%, and 60% in the RIC group and 13%, 26%, and 60% in the CONV group, respectively.
Since screening for serum GM during the posttransplantation period was performed in only 67 patients (52%), this variable was not included in the multivariate analysis. However, in the subgroup of patients screened, the presence of 2 or more indices of 0.8 or higher after transplantation was associated with progression of IA (11 [46%] (26) AmB formulations (c-AmB/ABLC/L-AmB) 58 (25/11/22) 19 (33) Caspofungin 26 7 (27) No AFT 6 2 (33) All patients at risk 129 † 27 (21) AmB indicates amphotericin B; and ABLC, AmB lipid complex. *Refers to the AFT used from the time of transplantation as first-line secondary prophylaxis or as second/third-line therapy after toxicity from prior therapy, without progression of the IA.
†Forty-eight (37%) patients received more than 1 drug as first-line prophylaxis, either in combination or sequentially. Table 5 No salvage AFT 10 1 (10) † All patients at risk 27 ‡ 6 (22) AmB indicates amphotericin B; and ABLC, AmB lipid complex. *Salvage antifungal therapy used after progression of IA after HSCT. †One patient was not given salvage AFT for progression of IA because his leukemia recurred shortly thereafter. Nevertheless, IA decreased more than 50% within 3 weeks. ‡In 8 (30%) of 27 patients, more than 1 drug was used in combination.
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NRM and OS
The major transplantation outcomes are shown in detail in Table 1 . Of note, RIC recipients differed from CONV recipients in several characteristics and outcomes that were found to have an independent impact on the risk of progression of the IA after transplantation (detailed in Table 3 ). The most important differences were a higher proportion of PBSCs as a stem cell source, a shorter duration of profound neutropenia (and monocytopenia and lymphocytopenia; data not shown), and a lower incidence of grades II-IV aGVHD.
A detailed analysis of risk factors for NRM and OS is not given since it is not within the scope of this study. However, it is important to investigate whether progression of IA is an independent risk factor for both outcomes. The 2-year incidence of NRM was 30% (95% CI, 19%-39%), while the OS was 42% (95% CI, 30%-50%). In multivariate analyses, progression of IA after allo-HSCT (analyzed as a time-dependent variable) was found to be an independent risk factor for both outcomes (HR of 12.9, 95% CI of 4.2-39 for NRM and HR of 10.8, 95% CI 3.3-33 for OS). Other negative risk factors for both NRM and OS were advanced status of the underlying disease, age older than 50 years, grades III to IV aGVHD, and pretransplantation recipient CMV immunoglobulin G (IgG) seropositivity. Alternative HLA-mismatched donors had a negative impact on NRM only, and use of BM/CB as a stem cell source had a negative impact on OS only.
Discussion
Nearly all previous studies on the impact of a recent episode of IA on the outcome of allo-HSCT have included large proportions of patients classified as possible IA before transplantation (reviewed in detail by Martino et al 18 ) . This is partly due to the traditional very low rate of premortem diagnosis of IA with a high level of certainty before the more sensitive noninvasive diagnostic techniques were available. [25] [26] [27] [28] [29] A review of 55 patients with possible, probable, or proven IA published before 1997 showed a very high rate of fatal reactivation with subsequent chemotherapy. 18 However, when IA was in clinical and radiologic CR or PR, patients could safely receive further intensive chemotherapy or proceed to HSCT. On the other hand, when infection was not well controlled or when significant radiologic abnormalities persisted, these infections disseminated rapidly during subsequent myelosupression.
Publications that are more recent have mainly included small numbers of patients (Ͻ 10) with different IFIs who received further chemotherapy or autologous HSCT. However, these groups differ significantly from allo-HSCT patients with respect to outcome. In fact, only 2 studies have included more than 10 cases of welldocumented IA prior to allo-HSCT (or autologous HSCT), with the (5) bone marrow or cord blood as the source of stem cells; and (6) grades II to IV aGVHD that required high-dose steroids (prednisone or equivalent at Ն 2 mg/kg for Ͼ 10 days) with or without ATG for treatment. Risk-group categories were low risk, 0 to 1 risk factors; intermediate risk, 2 to 3 risk factors; and high risk, 4 to 6 risk factors. Numbers in parentheses indicate number of patients who had progressive IA/number of patients in this risk group; 2-year cumulative incidence. Tick marks indicate censored patients. largest group of patients followed only up to day 100 after transplantation. 12, 20 Thus, the current study has several strengths when compared with previously published studies, especially since it includes patients who received transplants recently, thus allowing an analysis of risk factors in an era of rapidly increasing improvements in supportive care. In addition, the relatively large number of patients and progressions of IA allowed us to perform reliable multivariate analyses and led to the identification of risk groups.
The incidence of posttransplantation progression of IA in the present study are somewhat lower than in previous EBMT reports and results from Seattle in allo-HSCT (35% and 29% at 1 year, respectively). Interestingly, univariate analysis from the Seattle data revealed that a pretransplantation AFT of less than 30 days, failure to achieve hematopoietic engraftment (which equals prolonged neutropenia), bone marrow transplantation-cord blood transplantation (BMT-CBT; vs PBSCT) and persistent radiographic abnormalities were associated with increased risks of progression of IA. 20 The current study supports the conclusion that type of HSCT, longer time period from start of AFT for aspergillosis, and the allo-HSCT and response at the time of transplantation are important variables that predict outcome. The current data also add to our knowledge by demonstrating possible effects on outcome of the type of conditioning regimen used, severity of GVHD, and other post-HSCT complications (CMV disease). Unfortunately, due to the large number of antifungal regimens used after allo-HSCT, we were unable to analyze the impact of any given drug or combination therapy that may offer a better outcome. However, the observation for a trend in reducing the risk of progression of the IA with up-front secondary prophylaxis with voriconazole monotherapy is logical, since it is currently the only drug that has shown better efficacy than amphotericin B in the treatment of IA. 22 From our study and previous data, several conclusions may be drawn. First, as suggested by our risk group categorization, a subset of patients with a recent history of IA exists with a low risk of recurrence after allogeneic transplantation. Second, RIC may reduce the risk of progression of IA after allo-HSCT. However, we realize that this finding should be interpreted with caution, since patients were selected for a RIC procedure on an individual basis in all different centers. Such a bias can lead to equivocal findings, especially in retrospective studies. Nevertheless, the lower risk of progression in RIC recipients is an encouraging observation when taking into account the larger proportion of patients with various high-risk features before transplantation in the RIC group. Finally, recent developments in the noninvasive diagnosis of IA may allow the earlier diagnosis of IA and/or the upgrading of a significant proportion of patients with possible IA into probable cases. 27, 28, [30] [31] [32] [33] [34] Despite the heterogeneity of results on the usefulness and the interpretation of serum GM, numerous institutions are using this test in both the clinical and research settings. In a retrospective study, it is difficult to interpret the results of GM screening. However, our observations in the 67 patients who were regularly screened with serial serum GM after allo-HSCT are encouraging. Thus, 11 (46%) of 24 patients with 2 or more consecutive serum samples with a GM index of 0.8 or higher showed early progression of the IA (before day 30), while only 2 (4.7%) of 43 with negative serial GM had progression of the IA (ie, "falsely negative" GM screening).
Our study has several shortcomings that are due mainly to its retrospective nature. It is well known that such studies are subject to biases, which can sometimes be partially corrected by the large number of patients analyzed in retrospective international registry analyses. With this caveat in mind, it is reasonable to consider that RIC and CONV patients were heterogeneous regarding the exact types of conditioning regimens used and some important diseaserelated or conditioning-related variables, and, probably, patients' comorbidities other than prior IA.
In summary, our data reinforce the concept that a history of IA is not an absolute contraindication for allo-HSCT, especially if patients have a low risk profile, as identified in the current study. High-risk patients, on the contrary, may be ideal subjects for prospective studies aimed at reducing the high risk of progression of the IA. Our results may be useful in comparing the results of secondary antifungal prophylaxis by allowing more reliable risk group stratification for comparisons. Together with these variables, well-standardized laboratory methods to measure the activity of the IA after allo-HSCT (ie, daily GM sampling, blood polymerase chain reaction, 35 or beta-D-glucan in serum 36 ) may be useful in future strategies to reduce the risk of dying from IA after allo-HSCT in patients with a recent IA.
